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A B S T R A CT  
Concentrations in weight percent (5- 25 wt %) of TiO2 films used to optimize the film formation. The 
TiO2 films on glass substrates successfully obtained by spin-coating process using TiO2 nanopowder as 
precursor. Ultraviolet-Visible (UV-Vis), Scanning Electron Microscopy (SEM) equipped with Electron 
Diffraction X-ray (EDX) and X-ray Diffractometer (XRD) techniques used to characterize the films. 
The result of electron transport material (TiO2) showed that film prepared from 15 wt % of TiO2 
solution and annealed at 450 ℃ has highest transmittance at visible light region with indirect optical 
band gap of 3.24 eV which corresponds to wavelength of 382 nm whereas 20 wt % has indirect band 
gap of 2.99 nm equivalent to 414.7 nm . The chemical analysis from Electron Diffraction Spectroscopy 
(EDS) of the material shows titanium and oxygen present at L and K-shells, respectively. The sample 
crystallized with preferred orientation at (101) from XRD analysis. 
 
Keywords: TiO2, Thin Film, Electron Transport Material, Spin coating, concentration variation. 
 
1 Introduction 
Titanium dioxide (TiO2) used for environmental 
and global applications is one of the most studied 
materials. The oxidizing and reducing nature of 
photo-generated holes and electrons, 
respectively, in TiO2 produce superoxide [1, 2]. 
TiO2 nanoparticle films are used in photo 
semiconductor, photo-oxidation of water and 
photo-catalysis [3, 4]. Photo semiconducting 
titanium dioxide thin films are important in 
processes where the transparency of the film 
required. Nanoparticle structure of TiO2 film 
provides high internal surface area to allow 
enough quantity of dye to absorb light very well 
and ensures that each dye molecule is in good 
contact with the photoanode and electrolyte. It 
also occupies the pores of the film in dye 
sensitized solar cells [5]. TiO2 as N-type 
semiconducting material has wide band gap with 
indirect energy band gap of 3.2 eV (anatase) and 
3.02 eV (rutile) [6]. Several methods employed in 
preparation of TiO2 films include electron-beam 
evaporation [7,8], sputtering [9], sol-gel and dip 
coating, chemical vapour deposition [10] and 
spin-coating process [11-13]. Among the 
methods used, spin-coating offers advantages of 
low temperature processing, low cost, ease of 
coating large area and suitable for porous film 
preparation.  
The photo-semiconducting activity of TiO2 could 
be modified by the concentration of the starting 
materials and this affects its physicochemical 
properties such as crystallinity, crystal structure, 
particle size, and surface area [14]. The extent of 
TiO2 transparency may result in changes in 
photo-semiconducting activity due to shift in 
band edges [15]. TiO2 films are expected to be 
transparent at the visible region. The 
concentration of the precursor affects the 
transparency of TiO2 films [16]. Pathak et al. [17] 
reported the effect of doping TiO2 photoanode 
with aluminium on the performance and stability 
enhancement and the efficiency and stability 
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upon UV exposure of the devices improved. 
Fakharuddin et al. [18] showed the performance 
and long- term stability of planar device with 
compact TiO2 layer, mesoporous devices with 
bare and TiCl4-treated TiO2 nanorods scaffolds 
showed that mesoporous device exhibited more 
stability than the planar device. There are three 
structures of TiO2 crystal, which are anatase, 
rutile and brookite. Among the three, anatase has 
preferable photocatalytic properties to others 
[19]. The untreated TiO2 thin films are 
amorphous in nature and transformation to 
anatase or rutile phase do depend on annealing 
temperature. The anatase phase occurs at 
temperature range of 400 ℃   to 600 ℃  and 
anatase - rutile phase exists at temperature of 
800 ℃ while wholly rutile phase at 1000 ℃ [20]. 
Senthil et al. [21] reported fabricated TiO2 thin 
films with anatase phase and grain size of 19 nm. 
Elfanaoui et al. [22] synthesized TiO2 thin films 
with energy band gap of 3.7 eV. Zharvan et al. 
[23], fabricated TiO2 thin films with anatase 
phase by spin coating technique and the optical 
band energy gap of the resulted TiO2 films were 
in the range of 3.70 to 3.76 eV. 
However, study of the solution’s concentration 
variation on optical and structural properties has 
not been reported at the time of this research. In 
the present work, TiO2 nanoparticles were 
deposited by spin-coating technique and films at 
concentrations of 5 – 25 wt % annealed at two 
different temperatures (450 and 500 ℃) . The 
prepared films after annealing have been 
employed to study the optical and structural 
properties. 
2 Research Methodology 
Glass substrates were cut to dimensions of 2 cm 
x 2 cm. The substrates were cleaned with 
detergent and rinsed with distilled to remove oily 
stains and debris. Then the substrates were put in 
staining jar and acetone is introduced and 
subjected for ultrasonic cleaning with the help of 
sonicator for 15 minutes at 27 ℃  to remove 
organic forts and water molecules from the 
substrates. The acetone-cleaned substrates were 
ultrasonically cleaned in ethanol at the same 
conditions to remove more water and acetone 
remnants. Lastly, they were cleaned in 
Isopropanol alcohol (IPA) at the same conditions 
to remove remaining water on the substrates and 
blown dried with nitrogen gas. Commercial 
microscope glass substrates were cleaned in 
ultrasonic bath (Stuart heat-stir UC152) with 
detergent, distilled water, acetone, ethanol and 
IPA each for 15 min at 30 ℃, respectively and 
dried with nitrogen gas [24]. Different weigth 
percents (wt %) (5 - 25 wt %) of TiO2 precursor 
solutions were prepared from titanium dioxide 
nanopowder (Aldrich) with ethanol (Analytical 
grade, Merck) as solvent using equation (1) [25]. 
 
Weight percent (wt %) 
=  
Mass of Solute (g)
Volume of solution (ml)
×  100 %    (1) 
 
Ohaus weighing balance (Adventure pro) was 
used to measure respective masses of TiO2 
powder at different weight percent. The 
precursor solutions prepared from measured 
masses on weighing balance. 
The precursor solutions were spin-coated on 
glass substrates at 4000 rpm for 30 seconds using 
spincoater (WS-650MZ-23NPP Laurell) and 
dried at 125 ℃  for 5 min. The spin-coating 
process of TiO2 precursor solution was 
performed twice and Smooth and milky solutions 
were obtained. The glass substrates deposited 
TiO2 precursor solution were annealed at 450 
℃and 500 ℃ for 30 min to form compact layer. 
X-ray diffraction (Rigaku D-Max) with fixed Cu-
Ka line (k=1.5406Å) was used for recording X-
ray diffraction spectra operating at 30 kV and 30 
mA at room temperature in the 2h range of 200-
700, Scanning electron microscope (SEM) 
equipped with electron diffraction x-ray was 
operated at 15 kV at higher magnification to 
study the morphology and composition of 
prepared samples. Ultraviolet visible (UV-VIS) 
spectroscopy (Lambda 35 Perkin- Elmer) was 
done in the range of 300 to 800 nm to study the 
optical properties.  
3 Results and Discussion 
3.1 Optical Properties 
Different concentrations (5 to 25 wt %) of TiO2 
were prepared and treated at temperatures of 
450 ℃  and 500 ℃ . Figure 1 shows graph of 
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transmittance against wavelength of  TiO2 
prepared from concentrations of 5 to 25 wt % at 
step- size of 5 w % with post deposition 
treatment at 45 0 ℃ . Transmittance values 
increase with increase in wavelength. In the films 
annealed at 450 ℃, concentration increase from 
5 to 15 wt % is directly proportional to the 
transmittance of the films. 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Concentration variation of TiO2 films 
annealed at 450 Degrees Centigrade 
Further increase in concentration of the films, 
reduces the transmittance of the films as seen in 
20 wt % and 25 wt % when annealed at 450 ℃. 
The sample prepared from 15 wt % has the 
highest transmittance. Also, films annealed at 500 
℃  as shown in Figure 2 have increase in visible 
light transmission from 5 to 20 wt % and declined 
at 25 wt % with onset transmittance value at 298 
nm. 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Concentration variation of TiO2 films 
annealed at 500 Degrees Centigrade 
In comparing the concentrations of the 
optimized films annealed at both 450 ℃ and 500 
℃, 20 wt % of the films annealed at 500 ℃ has 
lower transmittance than that of the films 
annealed at 450 ℃. Considering its application in 
solar cells as a buffer layer, it is required to 
transmit visible light to the active material and the 
film prepared from 15 wt % (450 ℃) has higher 
transmittance value than 20 wt % (500 ℃). The 
absorbance properties of the films are shown in 
Figure 3. This shows that TiO2 film prepared 
from 20 wt % annealed at 500 ℃  has higher 
absorption value than the sample prepared from 
15 wt % annealed at 450 ℃ . The optical 
absorption spectra for treated samples show blue 
shifts due to quantum effect with increase in 
annealing temperature. Absorption range of TiO2 
film prepared from 20 wt %  is within 250 to 350 
nm  and 250 to 380 nm for 15 wt % prepared film 
annealed at 450 ℃. This could likely cause by 
increase in crystallite size and the induced oxygen 
vacancies at higher annealing temperature. This 
could cause donor impurities to move the 
absorption edge to higher energies due to the 
presence of created defect sites [26].  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Plot of absorbance versus wavelength of 
20 wt % and 15 wt % samples of TiO2 films 
annealed at 450 ℃ and 500 ℃. 
The optical band gap energy of TiO2 thin films 
was obtained by Tauc plot and shown in Figure 
4. Comparing  their optical energy band gaps, 20 
wt % film annealed at 500 ℃ and 15 wt % film 
annealed at 450 ℃  they have 2.99 eV and 3.24 
eV of energy band gap, respectively. The energy 
band gap was deduced as reported by Ezike and 
Okoli [27]. Increase in annealing temperature 
leads to decrease in band gap. The 20 wt % 
prepared sample annealed at 500 ℃ absorbs at 
visible region while 15 wt % sample annealed at 
450 ℃ absorbs at ultraviolet region.  
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Figure 4: Plot to determine the energy band gap of 
TiO2 films annealed at 450 ℃ and 500 ℃. 
This shows that 15 wt % film annealed at 450 ℃ 
when deployed in solar cells transmits visible light 
and blocks ultraviolet radiation. This is because, 
15 wt % (450 ℃)  transmits about 88 % of visible 
unlike the film prepared from 20 wt %  (500 ℃) 
which absorbs visible light. 
3.2 Micro-structural Properties  
The SEM images of TiO2 are shown in Figure 5 
(a)and (b).  
 
Figure 5: SEM image of (a) 15 wt % TiO2 films 
annealed at 450 ℃ and (b) 20 wt % TiO2 films 
annealed at 500 ℃. 
The images showed that the particles are 
spherical in shape with image in Figure 5 (a) 
having poor agglomeration and aggregation 
during particle growth process at higher 
calcinations temperature and concentration. The 
sample prepared from 20 wt % annealed at 
500 ℃ (Figure 5 (a)) showed larger crystal size 
than 15 wt % annealed at 450 ℃ (Figure 5 (b)). 
This supports optical properties of the samples 
showing that sample prepared from 20 wt % 
annealed at 500 ℃ has higher absorbance and 
lower transmittance than 15 wt % prepared film 
at visible region. 
3.3 Elemental Composition Analysis  
The elemental composition of the material thin 
film deposited was characterized to ascertain the 
actual elements or the level of purity contained in 
the material. Emission of energy gives the 
characteristics energy level and the element 
contained in the material. The sharp lines are the 
characteristic lines of elements from which they 
are emitted. Figure 6 shows the electron 
diffraction spectroscopy of TiO2 thin film. There 
are peaks of Titanium (Ti) and Oxygen (O) 
present at L and K- shells, respectively. The 
presence of these elements confirms that TiO2 
film was deposited. The weight percentages of 
both elements are 38.90 and 61.10 % for titanium 
and oxygen, respectively. This was performed at 
voltage of 5 kV and magnification of 824. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Elemental composition of TiO2 thin film. 
3.4 Structural Characterization  
Figure 7 shows XRD spectra pattern two samples 
of TiO2 prepared from 15 wt % and 20 wt % with 
post-deposition treatment at 450 ℃ and 500 ℃, 
respectively.  
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Figure 7: X-ray diffraction patterns of 15 wt % and 
20 wt % annealed at 450 ℃  and 500 ℃ , 
respectively of TiO2.  
In the XRD pattern, TiO2 prepared at 500 ℃ has 
maximum peak with anatase phase 
corresponding to (101) (JCPDS file no. 861167) 
was observed at 2θ = 25.4° [28].  The sample 
treated at 450 ℃  has maximum intensity peak 
corresponding to plane (101) as in sample treated 
at 500 ℃, but the peak was observed at 2θ =
25.2°  of the anatase structure (JCPDS file 
no.731764). The intensity of the peak (101) 
increased as the samples post-deposition 
treatment increased. The 20 wt % film annealed 
at 500 ℃  was well crystallized at plane (101) 
more than sample prepared from 15 wt % 
annealed at 450 ℃ . This shows that sample 
prepared from 20 wt % annealed at 500 ℃ with 
higher intensity peak corresponding to (101) has 
larger crystallite size than the 15 wt % prepared 
sample annealed at 450 ℃ . The average 
crystallite size was estimated using Scherer’s 
equation, in equation (2), to the major peaks of 
the XRD data and taking an average [29]. 
 𝐷 =  𝑘𝜆 𝛽𝐶𝑂𝑆𝜃⁄    (2) 
where D is average crystallite size in angstroms 
( Å)  and K  is the shape factor (0.94), λ  is the 
wavelength of X-ray radiation ( Cu Kα =
1.5406), β if the Full Width at Half Maximum 
(FWHM).1 The average crystallite size of the 
prepared films at 500 ℃  is 12.19 nm and at 
450 ℃   is 10.05 nm. Increase in average 
crystallite size could be attributed to the 
concentration and temperature post-deposition 
treatment of the samples. 
4 Conclusions 
It was observed from the result of electron 
transport material (TiO2) prepared from 15 wt % 
of TiO2 nanopowder, annealed at 450 ℃ has best 
optical performance at visible light region as 
confirmed by morphological and structural 
characterizations. The optical band gap of the 
film is 3.7 eV, which shows material with high 
transmittance value. SEM image showed that 20 
wt % sample has higher average crystallite size of 
12.19 nm, which suggests more absorption of 
visible light, than 15 wt % film of 10.05 nm 
prepared sample. The chemical analysis by EDX 
of the material shows titanium and oxygen at L 
and K-shells, respectively. The sample 
crystallized with preferred orientation at (101) 
from XRD. This shows that 15 wt % annealed at 
450 ℃ is preferred as a transport material in solar 
cell fabrication.  
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